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Abstract 
Nowadays, 3D scanners have become widely used tools in different disciplines, such as robotics, medicine and 
manufacturing. These devices are capable of representing virtual 3D objects with extremely good accuracy, but they are very 
expensive, making them not affordable for research institutions with low economical resources. Because of that, many authors 
have been worked on projects to develop low cost 3D scanners implementing different methodologies and technologies. This 
article shows a methodology to develop a prototype of a 3D scanner device that can represent virtual 3D objects from distance 
measurements obtained by a 1D optical distance sensor. Essentially, the device consists of three elements, an electromechanical 
platform, a data acquisition hardware (controlled by the PIC18F4550 microcontroller) and a graphical user interface, 
programmed in Matlab language. 
The results obtained by scanning different solid objects are very promising and show the effectiveness of the presented 
approach and good functionality of the device. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Global Science and 
Technology Forum Pte Ltd 
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1. Introduction 
In the last decades, the microelectronics has changed in a drastic way the world we live; causing that people have the 
possibility to use innovative devices in order to overcome problems that seemed impossible to be solved before. Those changes 
show a revolution in digital technology so now people have smaller and faster computers that are capable to manage multimedia 
applications efficiently.  Particularly in the recent years, different types of sensors have been developed to create commercial 
devices known as 3D scanners. These devices gather information of an object or scene and represent it graphically in three 
dimensions using different techniques. In the market there are commercial 3D scanners that vary about the techniques that are 
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used to get the necessary information, costs and their applications, such as Vivid 9i, Mephisto Micro, HDS3000, Zscanner 800 
and many others. Among the wide field of 3D scanners applications some examples are: in industry, scanners are useful in 
reverse engineering to create automotive parts; in forensic medicine, help to construct digital 3D models of accidents; in 
Orthopaedics, to prostheses fabrication and in Robotics, made possible the artificial vision to mobile robots. Even though, many 
commercial and sophisticated scanners exist, also they are very expensive, in the range of tens of thousand dollars, and this 
limits their utilization in research institutes with scarce resources. Due to this problematic there have been some alternatives to 
achieve similar results using scanners with lower cost sensors. There are several methodologies to obtain three-dimensional 
maps of an object or scenes. For instance, Rochinni et al. [1] and Robinson et al. [2], use the structured light to the 
implementation of a 3D scanner. Other researches adapt 2D laser sensors with mechanical systems to reconstruct 3D 
environments as shown in Surmann et al. [3], Wulf and Wagner [4], Dias et al. [5], Gao et al. [6], Ohno et al. [7] and Zhang et 
al. [8]. This article presents a new very low cost alternative to develop a 3D scanner using a 1D laser sensor. A graphical 
interface programmed in Matlab language is in charge of processing the data and of rendering the resultant 3D virtual scanned 
objects. This article describes the methodology and the system architecture in section 2. Section 3 describes the measurement 
considerations. In section 4 are presented the results obtained with the proposed methodology. Finally, conclusion and future 
works are presented in section 5.  
2. Methodology 
In order to scan solid 3D objects, the authors made use of a very simple method. It consists of taking distance measurements 
from a solid 3D object that is subjected to a controlled rotation. After each revolution of the object, distance measurements need 
to be taken at a different height of it. In this manner, the silhouette of the object can be obtained in every revolution it does by 
gathering the distance measurements and corresponding rotation degrees. The silhouette distances are obtained by the difference 
between a fixed distance and distance measurements. Figure 1 shows the proposed 3D scanning method. 
 
 
Figure 1. 3D scanning method. 
 
The 3D scanner device designed to accomplish this goal is comprised of three elements: an electromechanical structure, a 
data acquisition hardware and a graphical user interface. These elements and their functionality are described as followed.  
2.1 Electromechanical structure 
There are two stepper motors attached to the electromechanical structure, one of them controls the vertical movement of the 
1D optical distance sensor and the other one controls the rotation of the platform that supports objects that are to be scanned. 
The sensor is mounted on a toothed belt and pulley arrangement. Figure 2 shows the structure disassembled. 
The stepper motor that controls the platform rotation needs 200 full steps to execute a complete revolution, leaving a 
resolution of 1.8º per step. The other stepper motor has a reduction gear box included that gives it enough torque to move the 
sensor. 
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    a)      b) 
Figure 2. Electromechanical structure: a) 1D sensor arrangement; b) revolving platform. 
 
2.1.1 Optical distance sensor 
 
The accuracy of the distance measurements heavily depends on the characteristics of the sensor used. In this project, the 
authors used the O1D100 optical distance sensor, which is a low cost 1D laser sensor that is widely used on industrial 
applications. Its measurement range limits are from 200mm up to 10,000mm with a 1mm resolution. It can be configured to 
provide an analogue output signal that can be voltage (0-10V) or current (4-20mA). For the purpose of this project, the distance 
range of the sensor was set up from 200mm up to 1,200mm, along with analogue voltage output. The sensor has a 6mm light 
spot diameter. 
 
2.2 Data acquisition hardware  
 
The operation of the data acquisition hardware can be summarized in four stages: signal conditioning, data acquisition, 
communication and control; as it can be seen in figure 3.  
 
 
Figure 3. Data acquisition hardware operation. 
 
2.2.1 Signal conditioning stage  
 
The analogue output signal obtained from the O1D100 sensor has stability issues and does not meet the accuracy 
requirements for the project. A low pass filter was designed to overcome this problem. The filter incorporates the LM324 
operational amplifier along with a voltage follower to improve the stability of the analogue signal. The filter has a cutoff 
frequency of 0.9Hz, which decreases interference up to 90%. The improved signal is shown in Figure 4. To prevent overvoltage 
in the data acquisition hardware, the LM324 also limits the maximum output voltage of the analogue signal to 3.8V. 
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              a)        b) 
Figure 4. O1D100 analogue voltage signal: a) raw analogue data; b) low pass filtered data. 
 
2.2.2 Data acquisition and communication stages 
 
The microchip PIC18F4550 has 13 channels of 10-bit analogue to digital input data. In this project only one 10-bit channel 
was required to gather the analogue voltage data provided by the O1D100 laser sensor. Every distance measurement is a 10-bit 
converted digital data that is processed and separated into two data bytes, so that these can be sent to a PC via RS-232 
communication protocol. Communication is bidirectional, since the data acquisition hardware also receives data from the 
graphical user interface to perform different activities.  
 
2.2.3 Control stage 
 
In this stage, the PIC18F4550 sends the necessary signal instructions to two LM293B drivers in order to control the 
corresponding two stepper motors that are attached to the electromechanical structure of the 3D scanner device. The stepper 
motor that rotates the platform performs a complete revolution and then stops its movement and waits for the next instruction. 
Then the other stepper motor starts to move and produce a small vertical displacement of the 1D laser sensor, then it stops and 
waits for the next instruction. This process is repeated until the scan is completed. 
2.3 Graphical user Interface 
The third element of the 3D scanner device is the graphical user interface. This interface was developed using the Matlab 
language. The authors have chosen this programming platform because it provides very useful libraries to plot 3D graphs. The 
graphical user interface can render virtual 3D objects that accurately resemble the corresponding real scanned objects. Virtual 
3D objects can be rotated and viewed from different angles so that the users are capable of checking every detail of the object. 
To operate the graphical user interface, first users need to establish communication with the data acquisition hardware. Then 
users have two options to choose from, whether to calibrate the sensor or to scan an object. 
Sensor calibration needs to be done when the 3D scanner device set up is modified, for example, if users change the fixed 
distance between the sensor and the center of the rotating platform or when users change the working parameters of the sensor. 
Calibration of the sensor is a semi-automated process; users need to place an object with its flat surface perpendicular to the 
laser beam of the sensor at a known distance, then this distance must be written down and saved in the graphical user interface. 
After that users need to place the object at a different known distance, write down and save the value in the same interface, and 
so on; the process repeats until users have introduced enough values covering the measurement range of the sensor. Users 
indicate this to the software and then they are prompted to choose a degree of the polynomial to perform a least square 
regression to fit the calibration data set. In this manner, users can observe the resultant curve fit and its standard deviation. Users 
have the possibility to analyze these results and then establish the calibration function which best fits the data set. Once the 
calibration is finished, the interface will use the corresponding polynomial coefficients to obtain the measured distances in 
millimeters during the scanning process.  When users finish the process, the interface automatically performs a least square 
linear regression to the data set and saves the corresponding coefficients to establish the calibration function. Figure 5 shows an 
example of the results of a calibration process. 
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Figure 5. Sensor calibration using the least squares polynomial regression method. 
 
On the other hand, when users choose to scan an object they only need to indicate the value of the fixed distance, press the 
the automated process be completed. After that, users are able to manipulate the virtual 3D 
object visualizations and also are able to save the object data into a file with .txt or .xlsx extensions. The internal tasks 
performed by the graphical user interface when an object is being scanned are described in figure 6. 
 
 
Figure 6. Flowchart of the scanning process. 
Display final 
3D virtual 
object 
Calculate volume
Display 
scanned object 
volume 
End 
Obtain 200 analogue data 
Transform data into distance 
measurements 
Transform data into 
rectangular coordinates 
Create X.Y,Z vector data 
Display partial 
3D virtual 
object 
Start 
Read fixed distance 
Load calibration coefficients 
400 received bytes? 
No 
Yes 
228   Arnulfo León Reyes et al. /  Procedia Technology  7 ( 2013 )  223 – 230 
3. Experimental setup 
The 3D scanner device is a small prototype that was designed to evaluate the functionality of the proposed 3D scanning 
method. The maximum object weight that the platform can handle due to the stepper motor torque is 450g. The revolving 
platform limits the dimension of the objects up to 200mm diameter and the structure limits the object height up to 200mm too.   
The selected solid objects that are to be scanned are one plastic cylinder, two toy heads and one mannequin head. These 
kinds of objects were selected to prove the capability of the device to scan facial features. Physical characteristics of the three 
heads are shown in table 1. 
 
Table 1. Scanned objects physical characteristics. 
 
Solid object Dimensions Material Color Volume 
1.- Plastic cylinder 
 
2.- Mannequin head   
Diameter: 65mm 
Height:     36mm 
Length:  181 mm 
Wide:     167 mm 
Height:  175 mm  
Plastic 
 
Styrofoam 
White 
 
White 
1.1946x10-4m3 
 
Not available 
3.- Bald toy head Length:  109 mm 
Wide:       97 mm 
Height:     93 mm 
Plastic Dark skinned 4.6x10-4m3 
4.- Toy head Length:  130 mm 
Wide:     132 mm 
Height:   136 mm 
Plastic Light skinned Not available 
4. Results and discussion 
The first scanned object was the plastic cylinder. In figure 7b, it can be seen the resultant scanned virtual object. This object 
is well represented, but at the same time some protuberances are evident on its surface, which are mainly fault of the sensor 
presicion. In order to quantify the accuracy of the scanned virtual objects, the authors programmed the interface to have the 
ability to calculate their volume. The actual volume of the plastic cylinder is 1.1946x10-4m3 and the volume calculated by the 
interface was1.2145x10-4m3, giving a difference of 1.66%. 
 
  
           a)                              b) 
Figure 7.  Plastic cylinder. a) Original plastic cylinder;  b) Virtual 3D plastic cylinder representation. 
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The second scanned object was the mannequin head. This object presented some difficulties to be scanned due to the
porosity of the texture material. In some parts of the surface of the object the laser beam of the sensor penetrated the material
causing diffraction and an incomplete scanning process as a result. The actual volume of this object was not measured because
of these shortcomings, since the method to measure volume was to immerse the object into a recipient with water. Even though,
the surface of the object was treated with a thin layer of glue to reduce its porosity. Figure 8 shows the 3D virtual object 
obtained by the scanning process, which is reliable representation of the real mannequin head. This scan was carried out with a 
setup of 3mm vertical displacement of the sensor.
a) b)
Figure 8. Manniquin head object. a) Original manniquin head; b) Virtual 3D manniquin head representation.
Other way to analyze the accuracy of the 3D scanner device, the vertical displacement was set up the 1D laser sensor 
displacements at two different distances for the next two toy heads experiments, 3mm and 1mm. It is expected to get more
resolution with the 1mm vertical displacement. In this manner, two different 3D virtual objects are to be obtained for both toy
heads.
The third scanned object was the bald toy head. The results obtained are shown in figure 9. In this experiment the scanning
process was carried out without interruptions because the material of the baby head has a smooth solid texture. In this test, the
object is smaller than the prior scanned object; nevertheless, the 3D scanner is capable to scan the facial features, as it can be
seen. The 3D virtual object shown in figure 9c has its facial features more detailed than the one shown in figure 9b, but it also
makes manifest the lack of a better resolution and output signal stability of the sensor. Moreover, it is important to say that these
results were obtained by the sensor calibrated with a linear regression. Figure 9d shows the obtained scanned object by the
sensor calibrated with a three degree polynomial regression, which has a slightly better accuracy. The volume calculated by the
interface was 4.75x10-4m3, which gives a difference of 3.26%.
a) b) c) d)
Figure 9. Bald toy head. a) Original bald toy head; b) 3D virtual object (3mm vertical disp.); c) 3D virtual object (1mm vertical disp.) d)3D virtual object (1mm
vertical disp., polynomial fit sensor calibration))
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The last scanned object has similar dimensions to the bald toy head. In this case, the authors wanted to show the 
effectiveness of the 3D scanner to scan an object that has hair. The results are presented in Figure 10. It is important to note that 
the plastic hair of the toy head is accurately represented in both 3D virtual objects. The volume of this object was not measured 
because of the measurement method explained before. 
 
       
  a)                       b)                             c) 
Figure 10. Toy head.  a) Original toy head;  b) 3D virtual object (3mm vertical disp.); c) 3D virtual object (1mm vertical disp.). 
5. Conclusions 
The 3D scanner device developed in this project was tested to prove the effectiveness of the proposed scanning method. It was 
demonstrated that the resolution of the 3D virtual objects depends on the characteristics of the surface of the objects, material 
texture, dimensions of the object and of course the sensor resolution and stability of its output analogue signal. The 3D scanner 
device proved to have very good accuracy according to the calculated values. The results obtained so far are very promising, 
especially because the total cost of the designed device was under 500 USD. As future works, the authors will try to improve the 
stability of the analogue output signal and to duplicate the resolution of 3D virtual objects by programming the stepper motor, 
that controls the rotating platform, to work in half-step mode. Finally, to use this 3D scanner device in more specialized 
applications such as manufacture, it will be necessary to use another 1D optical distance sensor with a higher resolution. 
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